Non-alcoholic fatty liver disease has become the leading chronic liver disease in the developed world, with a prevalence of 6%-35%. Its pathological spectrum ranges from simple steatosis (non-alcoholic fatty liver) to different degrees of inflammation and liver cell damage [non-alcoholic steatohepatitis (NASH)]. NASH has gained attention in recent years because of its association with hepatocellular carcinoma (HCC). Although the occurrence of HCC is more frequent in the presence of cirrhosis, studies have shown that hepatic carcinogenesis may also develop in the context of NASH without association with advanced fibrosis, as well as from simple steatosis. Evidence of the onset of HCC in the absence of cirrhosis is of concern, since recent surveillance and screening guidelines for liver cancer do not include this population subgroup. Therefore, it is imperative that new effective screening and monitoring measures for HCC, or even the reformulation of these recommendations, be taken to handle these patients considered to be at high risk. The present paper aims to review the literature on the occurrence of HCC in patients with NASH with or without cirrhosis. In addition, we report a case showing the development of HCC in a patients with NASH without cirrhosis.
INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the leading cause of liver disease in the world and its pathological spectrum ranges from simple steatosis [non-alcoholic fatty live (NAFL)] to various degrees of inflammation and liver cell damage, a condition known as non-alcoholic steatohepatitis (NASH) [1] [2] [3] [4] . The diagnosis of NAFLD requires the exclusion of excessive alcohol consumption, defined separately for men and women, and other secondary causes of liver disease. For definitive diagnosis of NASH, currently, a liver biopsy is needed [4] .
A hypercaloric diet with excess saturated fats, refined carbohydrates and high fructose consumption has been related to weight gain and, more recently, to NAFLD [4, 5] . Thus, NAFLD is associated with metabolic syndrome and is characterized by adipose tissue dysfunction and insulin resistance. These two factors generate deregulation in the production of adiponectin, an anti-inflammatory protein, and increase the release of several proinflammatory cytokines, such as tumor necrosis factor alpha, leptin and interleukin-6. The effects of this imbalance lead to the deposition of lipids in hepatocytes, causing lipotoxicity and the production of free radicals by the oxidation of fatty acids. The progression to NASH occurs in 25 percent of cases [1] . Also, gut microbiota plays a role in inflammation, through alterations in gut epithelial permeability, choline metabolism, endogenous alcohol production, release of inflammatory cytokines, regulation of hepatic toll-like receptor, and bile acid metabolism [6] .
Estimates of NAFLD prevalence range from 25%-45% in the US, while NASH currently affects 5 percent of the population [7] . As diabetes and obesity have become global epidemics, the WHO predicts an exponential increase in cases of NAFLD in the coming decades [2] . The objective of this study is to review the literature on the occurrence of hepatocellular carcinoma (HCC) in the context of NAFL/NASH with or without associated cirrhosis.
CASE REPORT
A 67-year-old female patient, from Caxias do Sul, sought care due to a complaint of asthenia, inappetence and a weight loss of 3 kg over the last month. The patient displayed metabolic syndrome, with a previous diagnosis of grade I hepatic steatosis, diabetes mellitus type 2, mild obesity and arterial hypertension. The patient was admitted in the hospital for investigation of hepatic nodules identified in an ultrasonography. Magnetic resonance imaging showed a heterogeneous nodule, in hepatic segment I, measuring 5.7 cm (largest measurement) and another nodular image in segment II measuring 1.9 cm (largest measurement), with homogeneous arterial impregnation (suspected for HCC - Figure 1) . A biopsy of both nodules and of the liver was performed, guided by ultrasonography.
The patient remained in good general condition throughout the hospital stay. Hemoglobin 11.3 g/dL, hematocrit 32.9%, prothrombin time 11.1 s, total bilirubin 0.2 mg/dL, alkaline phosphatase 113 U/L, aspartate aminotransferase 25 U/L, alanine aminotransferase 28 U/L, gama glutil transferase 73 U/L, albumin 5.01 g/dL and alpha-fetoprotein of 6.7 ng/mL were performed. The biopsy revealed that liver presented: nodulo I with macrovacuolar steatosis in 10 percent of hepatocytes, portal lymphocytic infiltrate, no fibrosis and hepatocellular ballooning and nodule II with hepatic lesion with desmoplastic stroma and small cells with mild nuclear pleomorphism, an image corresponding to HCC.
The patient was diagnosed with NASH associated to HCC. After histological confirmation, she was referred to the clinical and surgical oncology service for tumor resection.
DISCUSSION
NASH has gained attention in recent years because of its association with HCC [1, 3] . It is known that there is a risk of progression to advanced fibrosis in up to 20 percent of patients with this pathology, thus increasing the chance of developing liver cancer [1, [8] [9] [10] [11] . Studies have found that 11.3% of patients with cirrhosis due to NASH developed HCC within 5 years, while in patients with cirrhosis due to alcohol, the rate is 12.5% over the same time frame [1] . Compared with the benign course of NAFL, NASH patients have an 8-fold increased chance of progressing to advanced fibrosis, in addition to an increased risk of liver-related death and of cardiovascular disease [2, 12] . The main risk factors involved in the occurrence of HCC in cirrhotic patients due to NASH are male gender, age over 70 years-old, diabetes and hypertension [13] . It was estimated that the presence of NAFLD-associated HCC is 7.6-fold greater than in a same sex and age control group [14] . Nevertheless, the impact of hepatitis C virus (HCV) in HCC is still greater than that of NAFLD -the risk for HCC in cirrhotic patients with HCV is three times greater than that of patients with NAFLD [15] . Considering only studies strictly including patients with or without cirrhosis, the reported incidence of HCC in NAFLD patients with cirrhosis was between 6.7% and 15% at 5-10 years, whereas the incidence in NAFLD patients without cirrhosis was 2.7% at 10 years and 23 per 100,000 person-years [16] .
The prevalence of NAFLD has become similar in the West and the East [17] . Obesity, which has been mostly a health problem of the Western world, has emerged rapidly in Asia, due to globalization and rapid urbanization, which lead to a change of dietary patterns to those of the West [18] . In China, the number of obese people has increased from below 0.1 million in 1975 to over 43.2 million in 2014, accounting for 16.3% of obese people worldwide. In India, the number of obese people increased from 0.4 million to 9.8 million during the same period [19] . This will increase the prevalence of NAFLD in Asia, which will in turn increase the cases of HCC not only from the increasing prevalence of NAFLD but also from the anticipated decreasing burden of HBV and HCV infections. It is a fact that primary, secondary and tertiary preventive strategies for HCC due to NAFLD are lacking. NAFLD has been estimated to contribute to 10%-12% of HCC cases in Western populations and 1%-6% of HCC cases in Asian populations. The increasing burden of NAFLD-related HCC over time has been demonstrated in studies from both Western and Asian populations [20] . For example, in a Sri Lanka cohort, the most common cause of HCC was NAFLD-related cirrhosis [21] . Hence the global incidence of NAFDL is increasing rapidly, its impact on HCC incidence may be explosive [22, 23] .
Although HCC is more frequent in the presence of cirrhosis, several studies have shown that hepatic carcinogenesis may also develop in the context of NASH or NAFL, without association with advanced fibrosis [1-3,7,24] . A 2.5-fold increased risk of developing HCC in patients with NAFLD without cirrhosis was observed when compared to other etiologies of chronic liver disease [1] . This is particularly concerning, since in a recent study 20% of NAFLD-related HCC occurred in the absence of cirrhosis [14] . The patient with noncirrhotic NASH presenting HCC is older, male, and meets one or more criteria for metabolic syndrome [3, 7] . The pathogenesis of HCC related to NAFLD is different, once metabolic syndrome and obesity manifest several exclusive mechanisms that favor the occurrence of tumors: increased release of free fatty acids, of multiple proinflammatory cytokines, and the reduction of activity of anti-inflammatory agents such as 9 cm) A B adiponectin [9] . The presence of these chemical mediators leads to apoptosis of hepatocytes, compensatory proliferation and, finally, carcinogenesis [2,7,13,25] . Accumulating evidence supports the importance of lipid metabolic reprogramming in various situations of hepatocarcinogenesis [26] . Given the increasing incidence of NAFLD and advances in curative options for hepatitis C viral infection, NAFLD is expected to become the leading cause of HCC in developed countries [2, 3, 27] . Absent washout and capsule appearance are associated with increasing hepatic steatosis in patients with non-cirrhotic, NAFLD-associated HCC [28] . Increased incidence of NASH-related cirrhosis is also influencing trends in liver transplantation: there has been a 4-fold increase in the number of liver transplants due to NASH compared to a 2-fold increase in those due to hepatitis C [2, 5] . However, comparing to other etiologies of cirrhosis, it is not clear wether HCC-related NAFLD has similar outcomes [29, 30] . In addition, NASH has already become the second leading cause of HCCrelated liver transplantation in USA [2] . HCC represents the fifth most common neoplasm and the second largest cause of cancer mortality worldwide [2, 31, 32] . Despite its increasing incidence and the development of new therapies, overall 5-year survival is still low, no more than 30% [33, 34] . NAFLD is considered to be the third cause for HCC in the USA [35] . Early detection of HCC provides greater treatment options, significantly improving the prognosis of patients [31] . NAFLD increased substantially over the past 20 years among resectable HCCs and it is now the leading cause of HCC occurance without or with minimal fibrosis [36] . In terms of clinicopathological findings, most studies agree that noncirrhotic NAFLD-related HCC patients were more likely to present with larger tumors [37] [38] [39] . Although there are guidelines for routine HCC surveillance that allow early diagnosis and improvement in curative outcomes, overall screening rates are below those considered ideal [31, 32] . In addition, it has been found that patients with cirrhosis due to NASH are less likely to undergo adequate checks and monitoring of HCC compared to patients with other etiologies for chronic liver disease [1, 5, 31] . This may be due to the lack of HCC screening in noncirrhotic NAFLD patients [31] . It is widely reported that the deficiency in HCC surveillance among NAFLD patients, with only 13% of HCC discovered through surveillance, resulted in delayed detection in the majority of patients [40] . Several factors may contribute to this phenomenon: visceral adiposity, for example, is associated with a lower degree of ultrasonographic tumor identification, limiting its sensitivity for screening [1] . Other related variables are attributed to difficulties in access to adequate health care [31] . Patients with NAFLD-related HCC are older, have a shorter survival time, have more cardiovascular diseases and diabetes and are more likely to die from their HCC than other patients [41] [42] [43] . It has been demonstrated that curative treatment for HCC and serum albumin level > 3.7 g/dL suggest best prognostic profile for NAFLD-related HCC [44] .
Evidence of hepatocarcinogenesis arising in the absence of advanced fibrosis is of concern, as recent guidelines recommending ultrasonographic abdominal screening and surveillance for HCC, every 6-12 months, only for patients with cirrhosis or chronic hepatitis B infection, failed to address this growing patient population [1, 2, 7] . In addition, those with NAFLD-related HCC have a worse prognosis, since they have a shorter survival time, a more advanced tumor at diagnosis and a lower probability of liver transplantation [31, 45] . This reinforces the idea that a rewording of current HCC screening recommendations is needed so that these high-risk patients can be diagnosed via routine assessment [3, 5, 46] . It is also understood that, because of the high prevalence of this type of liver disease, the extension of screening to this whole group would greatly increase health spending, making it less viable [47] . Stratification by fibrosis score may offer some additional benefit to the subgroup of patients with non-cirrhotic NASH; however, reports of HCC in patients with NAFLD and no fibrosis have been described, such as the reported case. Further research to elucidate the association between the degree of fibrosis and the risk of HCC would provide a useful tool in the screening for HCC in these patients [1] . PNPLA3 gene polymorphism has been associated with an increased risk of HCC and may assist in assessing the patient's risk and personalizing surveillance. However, it has not yet been validated for routine use because there is no well-documented cost-benefit ratio [4] . American Association for the Study of the Liver, European Association for the Study of the Liver and the Brazilian Society of Hepatology do not recommend routine HCC screening in non-cirrhotic NASH patients justifying that the large population of NAFL/NASH patients makes systematic surveillance impracticable [4, 12, 35] .
CONCLUSION
With increasing cure rates for chronic liver disease related to HBV and HCV, NASH may become the leading cause of HCC and liver transplantation in the coming decades. Recent evidence shows that a significant proportion of patients with NAFL and NASH progresses to HCC even in the absence of cirrhosis or fibrosis. However, new effective monitoring and screening measures should be established to address these high-risk patients, thereby reducing the future impact of HCC in this population.
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